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Patents Act 1977: Search Report under Section 17

Documents considered to be relevant: o .
Category / Relevant Identity of document_ and passage or figure of particular reference

to claims

At least 1, US2002/017639¢6 Al .
3,9, 13, (HAMMEL) see whole document -
19, 21, ‘

23 and 25

W02004/004227 A1
| (HASSE)

US2002/0001467 A1 -
(IBM)

US2003/0210672 A1
(IBM) '

US2003/0206532 A1
(SHPAK)

US2001/0055285 A
(NEC) <

Document indicating lack of novelty or inventive A Document indicating technological background and/or state
step ) of the art, g

Y Document indicating lack of inventive stepif ~ p Document published on or after the declared priority date
combined with one or more other documents of but before the filing date of this invention, o ’
Same category. ' »

&  Member of the same patent family ) E- Patent document published on or after, but with priority date -

carlier than, the filing date of this application.

Field of Search: '
Search of GB, EP, WO & US patent documents classified in the following areas of the UKCY -

H4L , BN
Worldwide search of patent documents classified in the following areas of the IpC?’ :

l HO04B; HO4L

The following online and other databases have been used in the preparation of this search report
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Patents Act 1977 . _ : , :
Combined Search and Examination Report under Sectio'ns 17 & 18(3)

Novelty

1. The invention as defined in claims 1, 9, 19, 23 and 25, at least 1S not new because it
has already been disclosed in the following document: o

US2002/0176396A1 (HAMMEL)

Inventive step

2. The ihv_ention'as defined in claims 3. 13. ahd 21 is obvious in view of what has
already been disclosed in the following document: ' C

- US2002/0176396A1 (HAMMEL)

3. A skilled man would consider it obvious for such a system to transmit an
authentication response failure message and consequently, claims 3, 13 and 21 are
considered not to add an inventive feature. :
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WO 2004/004227 C PCTAB2002/002312

Nokia ref.: NC 146838
TBK ref.: WO 34763

PCT patent appllcat¢on in the name of

NOKIA CORPORATION

TITLE OF THE INVENTION 7
Load balancing in wireless communication network

FIELD OF THE INVENTION

The'present invention relates to a method'férfloéd
balancing in a wireless commuriication network}_a
correspohdino system, a load COnLrOl dev1ce a-
,COLYeSDond1n~ access point LscblQ in a w;reless
communication network, a cor:espondlng HELWOLL eWeneﬂt
‘usable in a wireless commurlcatﬁon network, a correspopding
\UDbCLlDEL terminal usable in a wireless pommun¢caLvon
network and a computer prog‘am Px OQULL for -mplemvnulng the

method for load balancing in a w1releSS‘communication

network.

- BACKGROUND OF THE INVENTION

In the last years wireless communication'netWOrks, for
example for data and/or speech transm1351on\ 'beéame‘mo:e
and more important. One example for such a’mlfeleqs
communlcatlon network is a wireless local area network
(WLAN), independent of a radio frequency or the like
(infrared etc.) used for this network. In such ‘a WLAN,
.subsc:iber terminals, such as personal computers, . '
telecommunication equipments, mobile phones, persdnél
digital assistants and the like, are able to perform
communications with each other or with correspondlng

subscriber terminals of other networks (for example wiresd

CONFIRMATION COPY
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WO 2004/004227 - PCT/IB2002/002312

WLANs are implemented according3to specific standards. One
of these standards is, for example, the IEEE (Institute of
Electrical and Electronics Engineers) 802.11 standard or
its respective extensions such as the IEEE 802.11h

standard, which are commonly known to person8’skilled in

the art.

In the IEEE 802.11 standards, in particular MAC (MAC:
Medium Access Control) and PHY (PHYsical layer) protocols
are defined. MAC protocol is used, for example, to allow
1nteroperab111ty between compatlble physical layers, to
reduce a collision probability between dlfferent subscriber
terminals, and the like. Moreover, the IEEE 802.11 MAC
protocol defwnes beacon frames sent at regular 1ntervals by
the access point to allow sLarrons to monitor the presencs
of the access point. The IEEE 802 11 MAC proLOcol also
gives a set of management frames including Probe Reguest
frames whlch Ere s=nt by a subscriber terminal and are
followed by Probe Response frames sent by an available
access pOrnr, to allow a subscriber ter rminal to scan
actively’ lI there is an access povnt operatlng on a certain
channel frequency and to show to the subscrrber terminal
whar parameter settings this access p01nt is using.
Addltlonally, a MAC address is provided which is used as an

1dent1f1catlor element for the respectlve WLAN elements.

Accordinc to the prior art, roaming of a Subscriber
-terminal from one AP to another AP is-initialized on the
basis of spec1r1c configuration settlngs in ‘the wireless
communication network. In accordance with these
conflguratlon settings, a subscrlber terminal will decide
on the ba51s of communication reception quallty
measurements whether the recent reception Quality is
sufficient or not. If not, a commonly known roaming

procedure w1ll be initialized by the subscrlber terminal.
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. - 5 -
'state. In particular when the subscrlber terminal is
located in a densely utilized w1reless network environment
"(i.e. a plurality of subscrlber termlnals ‘is communlcatlng
1n the respective cells) there could be a so-called "plng—
pong" effect. In other words,~the dec151on to change the
serv1ng access for the subscrlber termlnal is made rather

frequently and even such that the same two APs are involved

in the roaming.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present 1nventlon to
achieve an improved load balancing in a w1reless

communication network.

This object is achieved, for example, by a method of lCad
vbalanc1ng in a wireless communlcatlon network said
wireless communication network comorlslng at least one
subscriber terminal adapted to esl_abllsn anu parform a
wireless communication connection in sald w1reless
communication network, a plurelity of access points adapteo
to control said wireless communlcatlon connectlon of said
at. least one subscriber terminal and to e\change
information with said at Teaef one subscrlber Lermlnal
wherein one of said plurality of access p01nts is A
associated with said at least one subscrlberlterminal, and
a lcoad control device located outside of said'sobscriber
terminal, said load control dev1ce being adapted to process
information related to a load in said w1reless
communication network and to 1nstruct roaming of said
subscriber terminal from Said associated one of said
plurality of access points to another one of said plurality.
of access points, said method comprising the steps of
receiving, in said subscriber terminal, access p01nt status

information determined in said plurality. of ‘access points,
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transmit said roaming support information, and a load
conttol device located outside of said subscriber terminal,
.Said load control device being adapted to process said
>.roaming support informaztion by an access point -related load
based roaming analysis, to decide, on the basis of a result
U‘of said access point related load based roaming analy81s,
whether said subscriber termlnal is to be associated w1th
another one of said plu*allty of access points, and to
initialize roaming of said subscriber terminal from saig
associated one to sald another one of said plurality of

access points in said wi ireless communication network

Moreover, this object is achieved, for example, by a lced
control device for load balancing in a w1reless | '
communlcatvon network, said wireless communlcatlon networkt
comprising at least one subscriber terminalradapted to
establish and perform z wireless communication connectloq
.in said wireless oommunlcatlon network, and a plurality of
’acoess points adépted to control said wireless

communﬂcatl on connection of said at least one subscriber
termlnal and to exchancge information with said at least one
subscriber terminal, wherein one of said plurality of
access points is'associated with said at least one’
subscriber terminal, whereln said load control device is -
located outside or said subscrlber terminal and adapteo to
_pProcess roaming support information, received from a '
‘subscrlber terminal and derlved by said subscriber terminal
from access point status 1nrormatlon of said plurallty OL
access points, by an access point related load based
roaming analysis, to decide, on the basis of a result of
said access point related load based roaming analysis,
whether said subscriber terminal is to be associated with
another one of said plurality of access p01nts, and to
initialize roaming of said subscriber terminal from salo
associated one to said another one of said plurality of

~access points in said wireless communication network.
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~exchange information with said subscriber terminal,‘wherein
one of said plurality of access points is.associatedlwith'

said subscriber terminal, said subscriber terminal ;
comprising roaming support means adap=t ed to recelve access
point status information from said plurallty of access
points, to determine communlcatlon st:tus 1nformatlon
related to sald plurality of access points, to process sald"
received access point status information and said '
communication status information in o*der to obtaln roamlng.
support 1nformatlon, and to transmit sald roamlng support
information to a load control device zs déFined above,
wherein said subscriber terminal performs, in response to
an _nstructlon from said load control device, rocmlng from-
said associated one to another one of said plurélity of
access poihts in said wireless communication network, Said
ancther one of said plurality of access points is indicaeed

in said instruction from said load control device.

Moreover, this object is achieved, for examcle, by a
computer program product usable for a data processinge 
apparatus, comprising software code portions for.performing'
the steps of the method of load balancing defined'above

when said product is run on said data processing apparatus.

Advantageous further developments of the present inVentiOﬁ;'

are ‘as set out in the respective deperdent claims.

The present 1nvenclon is particularly useful to oalancc:the
load situation in wireless communication networks in such a
manner that a subscriber terminal may perform a roamlnc to
another AP in order to achieve a better data throughput
even 1f the 81gnal strength situation would not requlre ‘
such a change of the serving AP. Thus, the capacity of APS.‘
available for the subscrlber terminal is used in an

improved manner. Furthermore, a so-called ping-pong effact
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The roaming support information may be processed in the
access point related load based roaming analysis by using a
hand-off algorithm. Thereby, load and connection quallty
situations are calculated for the connections between the
subscriber terminal and the available access p01nts on the
basis of the roamlng support 1nformatlon.’Thus, an optimal
access point for being associated with the subscriber
terminal can be determined on the basis of the respective

load and connection quality situations.

Furthermore, processing parameters used in. the’ access p01nt
related load based roamlng analysis »for examp1e in the
hand-off algorlthm, which are derived From the roamlng
support information, may be dlfferentrv welghted For
example, parameters associated with a connectlon qualWLy
Ssituation are provided with a higher prloretj ‘than
pbarameters associated with the load 31tuation.-Thus,
operator specific settings ZFor roaming and load balancing

are further improved.

The load control functionality may be provided in different
sites Forue\ample, the access points may comprise the load
control functlonallty Alternatively, the load control may
be located in a spec1f1c network element separated from the
access po;ncs, wherein this networx element is connected

with the access p01nts in the wireless communication

netwvork.

As a further refinement, access point 1nternal monltorlng
information determlned in the access points may be used for
the load control. The load control functionality
determines, for example, access p01nts which are available
for said subscriber terminal, e.g. by comparlng the access
point identification elements in the roaming support

information, and selects only the access point internal
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‘Fig. 1 shows a schematic diagram of a WLAN network

according to a first embodiment of the preSaht_invention.

Fig. 2 shows a block circuit dlagram of a load balanc1ng

system accorowng to the first embodlment

Fig. 3 shows a flowchart of a load balanc1ng methoaA

according to the first embodlment.'l‘

Fig. 4 shows a schematic diagram of a WLAN_néthrk‘

according to a second embodiment of the present invehtion.

Fig. 5 shows 2 block circuit diagram oF a- lOcd balanc1ng

system cccord ing to the second emboolment

'Figa 6 and 7 shows a flowchart of a load ba_ﬁnc1ng method

_accordqu to the second embodlment

DESCRIPTION OF PREFERRED EMBODIMENTS

. A flrst embodiment of the present 1nventlon is descrlbed

with reference to Figs. 1, 2 and 3.

Referrihg to Fig. 1, a wireless communication hetwq:k‘such
as a WLAN comprises several access points APi; AP2, AP3 as
communication control elements. Furthermore,fin?the'aﬁample
shbwn, a backbone network is provided which serves és a
distribution network for connecting the APs to one another
and to external destination points such as other WLENs or
fixed networks. For connecting the APs to the backbone
network, commonly known input/output (I/0) interfaces are

used. -
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instructions and proceSSing data for the communication

connection (e g. transmiSSion forwarding and signaling
related data), memory means for storing instructions and
data, for serving as a work area of the processor and the
like (e.g. ROM, RAM, EEPROM, and the like), input means for
inputting data and instructions by software (e.g. floppy
disk, CD—ROM EEPROM, and the li%e), user interface means
for prOVldlng monitor and manipulation possibilities to a
user . (e.g. a. screen, a keyboard, and the like), network
interface means for establishing a communication connection
with subscriber terminals under the control of the
processor (e.g. and wireless interface means, an antenna,
and the like), distribution network interface means for
communicating via the backbone network with other APs under
the control of the rrocessor, and the like. Besides a
dedicated communication connection with an associated
subscriber terminai, the AP is adapted to transmit
Signalind doLa within its cell,Awhich'enables to determine
connection quality information related to this AP. This may
be perfcrmed’by means of a beacon frame, which is sent

permanently or in specific intervals.

In the WLAN depicted in Fig. 1, a snbscriber terminal
receives this signaling data from those APs in whose cells
- it is located. This means, Tl receives signaling data from
AP1, APQ; AP3, T2 receives signaling data from AP1, AP2,
and T3 receives signaling data from APl, AP3. On the other
hand, the subscriber terminal sends data to its respective
serving AP. The signaling data may'be used to determine the
connection guality situation for the subscriber terminal,
i.e. whether there is an AP other than the current serVing
AP, which provides a better communication Situation In
such a case, the subscriber terminal initializes a roaming
procedure in order to associate with the other AP, as known

in the prior art and described, for example, in connection
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activated for a subscriber terdglal T1l, which is associated
with the APl, i.e. for which the AP is the serving AP ‘
(indicated by the dotted boxes of LC 22 and 23). On the
other hand, the subscriber terminal T1 comprlses a roamlﬁg
support heans 30 wthh is adapted to process data and

generate 1nformatlon, which are used in connection w1th the

load balancing.

The traffic load situation may be determlned in the AP as
follows. The AP knows the number of clients assoc1ated for
example, by checklng a llSt of 1dent1f1catlon elements '
stored for associated subscriber terminals, e.qg.
corresoponding MAC addresses thereof. Addltlonally
51multaneous traff;c of the aSSOC1ated subscriber tern1nals
is monitored. The traffic- ~-based estlmatﬂon could hqve alSO

some timing window which is observed over certain per ~od of

transmit samples._lnls is used as an indicator for the
traffic load, e.g. in the form "transmit samples = traffic
load". This could be averaged and used zs a parameter for

the load information.

The load informaticon is transmitted by the APs, for
example, in form of an AP status information (APST), which
may be included in the beacon frame sent by the APs. This
means that all subscriber terminals, which are in ran ge of
the APs can receive this load information by the reguiarly
transmitted signaling information from the APs. The AFPST
further includes an information element (e.g. MAC addreSS)
of the sending AP in order to enable an allocation of the
load information to the correspdnding AP. Furthermore, in
case of, e.g., a 802.11h WLAN, also dynamic freguency
selection (DFS) and transmit power control (TPC)

information may be included in the signaling information

(APST) from the APs.
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Moreover, the APST may compriséuioad information indicating
‘the load status of the subscriber terminal itself. This
means, the subscriber terminal measures, e.g. in a
predetermiﬁed period of time, the amount of transmitted

data and forms a corresponding statistic.

The roaming support means 30 may collect and determine
these information (APST) for a predetermined period of time
and form’the roaming support information RSUP on the basis
of these collected iﬁformation. For this purpose, the
information and processing results can be stored in a
corresponding memory of the.subscriber terminal-vHOWever,
alsd other criteria for stoppiﬁg the formation of ﬁhe RSUP
are possible, for example an instruction from the user, an
ihdiéatién from the serﬁing Ap or the like.

When the férmation of the RSUP 'is finished (e.g. after the
predetermined period of time), the roaming support-meané 30
éends the RSUP via the interface means of the subscriber
terminal T1 to the serving API1, i;e- to the load control
deviﬁe 21 of the serving APl (step S30 in Fig. 3). The load -
control device 21 processes the received RSUP in order to
perform an AP relatea'load baséd roaming analysis (step 5S40

in Fig. 3).

In detail, the load éontrbl_device 21 determines from the
RSSI list included in the RSUP the APs, which are suitable
to be a candidate for a roaminé of the subscriber termina;
Tl, i.e. which APs provide a sufficient signal strength.
For example, the RSSI has to reach a predetermined
threshold. From the load information related to the _
available APS, the load coﬁtrol device 21 can directly
determine‘which capacity'the respective available APs have.
The load control device may comprise a dynamically

adjustable threshold wvalue for each AP of the WLAN whibh
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_21_.
related load based rOaming analysis) can be 1mplemented It

is obvious for a skilled person how to use the derlved
parameters within these manufacturer specific hand—off

algorithms so that the desired result is obtained.

Furthermore, it is possible that the parametersvderived
from the RSUP information are differently weighted. This
means that the different status information, such as RSSI
c/1, load information and the like, can be prlorlglzed. For-
example, the parameter related to the load ihformation'is
weighted higher (has a higher priority) thahfthe parameter
related to the C/I, in particular when it is decided that
an AP is "overloaded". Thus, it is possible to use a 
"backdoor" in the roaming decision, i.e. to force a roaming -
to an AP even if the signal quality is not sufficient in
normal cases. Additionally, the weighting can bé set
flexibly, for example on the basis of the ovérall traffiic
situation. For example, when the load situation of the AP
is critical (traffic load is above a predeterminéd
thresheld), the parameter related to the load information_ » 
is prov1ded with a higher priority by the load control o
device 21 than in cases with a lower traffic load. Thus, it

is p0851ble to flexibly set the criteria for the decision

for a roaming.

It is to be noted that the above described weightings are .

only an example and adjustable by an operator according to

his/her choices.

Alternatively, for calculating the hand-off algorithm, the
load control device 21 may use load information directly
received from thg serving AP load information. Thus, the
most current load information can be used at least for the

serving AP in the AP related load based roaming analysis.
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processes this RSUP and decides for a roaming of the

subscriber terminal in a centralized manner. When, for
example,‘C/I statistibs ére used the following situation
may occur. When it ié determined that APl is "overloaded".
T1 measures the AP1, AP2 and AP3 and forms a statistical
database of measurements in form of the RSUP. Since APl is
overloaded, the analysis. of the measurement shows that AP2
is less loaded. Thus, as a preliminary result, AP2 could be
used as a target AP for the roaming. Herver, in this
example, AP2 has too cldse channels, i.e. 1it. is not clean.
The C/I statistics sbowé that neighbor C/I criteria is not
‘fulfilled. On the other hand, the analysis shows that AP3
is also overloaded as well. Then the selection for the

roaming is to use an "unclean" channel in AP2.

The load balancing funcfionality can be impleméﬁted, for
example, by éoftware'code'potions, which are loaded into
the respective network elements (subscribef terminal,v
access point) by means of its reading means and its
memories. The access.points are able to receive the
additional info;matioh'RSUP from the subscriber terminals

and to forwérd it to the load control device..

Next, a second embodiment will be described with reference

to Figs. 4 to 7.

It is to be noted that some of the means, functionality and
procedures.of the secbnd embodiment.arevparallel'tq
‘corresponding means,‘fﬁnctionality and procedures. of the
first embodiment. Thus, a repetition of a detailed

description thereof is omitted..

Fig. 4 shows a wireless communication network such as a
WLAN comprising several access points AP1, AP2, AP3 as

communication control elements, a backbone network as a
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AP. The AP forwards this data to the network element 100.

Furthermore, the APs are adapted to send separate

monitoring information to the network element 100.

The network element 100 processes the forwarded data from
the subsériber terminal and may send a processing result to
the subscriber terminal via the backbone network_and the

serving AP.

Referring to Figs. 5 to 7, a roaming based on a locad

balancing functionality is described in further detail.

In Fig. 5, a block circuit diagram_of a load balancing
system in the WLAN according to the second embodiment is
shown. In Figs. 6 and 7, a flow chart illustrating a method

for load balancing in a-wireless communication network is

illustrated.
For the szke of simplicity, in Fig. 5, only one subscriber
terminal Tl is illiustrated for which load balancing, i.e. a

roaming decision, is to be made. 'However, the procedure

described below is applicable for a plurality of subscriber

,termiﬁals in parallel.

Acéording to Fig. 5, the APs comprise an access point load
status‘monitoring means (A?LSM)'ill. 112, 113, which is
adapted to determine a trafflc load in the respective APIL,
AP2, and AP3. Furthermore, the access points comprise an
access point internal monitor;ng_means (APIM) 211, 212,
213,1which is adapted to measure an external interference,
to_form a statistic thereof and to sent the statistic, for
exémplé, in the form of access point internal monitoring
'information (APIM) directly to the ioad control device 110.
The extérnal interference of the AP may be caused by

another AP in the network, by another non-WLAN system, such
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Furthermore, in case of, e.g., a 802.11lh WLAN, also dynamic

frequency selection (DFS) and transmit power control (TPC)
information may be included in the signaling information

(APST) from the APs.

The subscriber'terminal Tl may perform measurements of the
commUnicationvconnection quality during a silent period. In
the present example, the roamihg support means 300 of the
subscriber terminal Tl receives APST from AP1, AP2, and AP3
(step S110 in Fig. 6). The roaming support means 300
perferms'a proceseing of the received information in order
to genefate roaming support information (step S120 in Fig. 4
6) . In.this processing, for example, a statistic (or list)
of the load situation of the available (i.e. received) APs,
a received signal strength indicator (RSSI) measursment ad
the like is formsd. The RSSI measurements and load
information determination are allocated to the received APs

by means of the MAC addresses of the APs.

Additionally, statistics related to a carrier to
interference réfio (C/1), a terminal trahsmit power status,
loed information indicating the load status.of the
subscriber terminal'itself mayube formed’in the roaming

support means 300.

The roaming support means 300 may collect'and determine
these information‘for a predeterﬁined period of time and
form the RSUP on the basis of these collected information.
For this purpose, the information and processing results
can be stored in a corresponding memory of the subscriber
terminal. However, also other criteria for etopping the
formation of the RSUP are possible; for example an
instruction from the user, an indieation from the serving

AP or the like.
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The load control device 110 now processes the RSUP from the

subscriber terminal Tl and the selected APIM from the
access points APl, AP2, AP3 in order to perform an enhanced

AP related load based roaming analysis (step S160 in Fig.
6) . '

In detail, the load control device 110 determines from the
RSSI list included in the RSUP the APs, which are suitable
to be a candidate for a roaming of the subscriber terminal
Tl, i.e. which APs provide a sufficient signal strength.
_For example, the RSSI haé to reach a predetermined
threshold. From the load_informatioﬁ related to the
available APs, the load controi device 110 can directly
determine which capacity the respective available APs have.
The load control device may comprise a dynamically
édjustable threshold value for each AP of the WLZN, which
indicates an "overload” situation. This "overload threshold
value may be transmitted directly from the APs, e.g. by
means of the APIM. When a transmit power status is included
in the RSUP, it is possible to determine whether the
aVailable APs, i.e. the cells théreof, are "equal" cells.

- Furthermore, the C/I statistics included in the RSUP can be
used to determine signaling quality for the cells. All
information included in the RSUP are related to the APs by
means of the information elements (MAC addresses). Thus, it
is possible to exactly determine the communication and load
situations for eéch of the AP1l, AP2, and AP3. Additionally,
the load control device 110'determines from the APIM
whether an AP is subjected to an external interference,
"which may influence the connection quality to a subscriber

terminal.

The enhanced AP related load based roaming analysis
executed in the load control device 110 uses, for example,

an adapted hand-off algorithm whose parameters are derived
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cases. Additionally, the weighting can be set flexibly, for

example on the basis of the ovéféll ttaffic situation. For
example, when the load situatioﬁ of the AP is critical
(traffic load is above a prédetermihéd threshold), the
parameter related to the load information is provided with
a higher priority by the load'cohtrol device 110 than in
cases with a lower traffic load;'Thus, it is possible to .

flexibly set the criteria for the decision for a roaming.

It is to be noted that the above described weightings are
only an example and adjustablé by an bperator according to

his/her choices.

On the basis of the resﬁlts of the hand4dff algorithm, the
load control deviée 110 decide$ whethér'a foaming procedure
is to be initialized for the subscriber terminal T1 (step
$170 in Fig. 7) This means, the load control device 110
determines whether an AP is availabié’fbr the subscfibér
terminal T1 which provides sufficienttcbmmunication
connection guality and has less_traffic-load than the
present serving APl. If this is.ndt the case (NO), the
serving APl is maintaihed_and the load baléncing prbcedure

is repeated.

On the other hand, when the load'COhtrol device 110 decides
that there is a "bettér" AP, a :oaming procedure is
initialized. For this purpose; the load control device 110
determines the target AP,‘which fesults from the enhanced
AP related load based roaming analysis on the basis of the
MAC address included in the RSUP and the APIM. Then, an
instruction (ROAMING) indicating that a roaming.to the
determined new AP (for example AP?) is tQ be-performed is
sent via the serving APl to the subscriber terminal T1
(step S180 in Fig. 7). When réceiving this roam;ng

instruction, the subscriber terminai Tl executes the
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receive the additional information RSUP from the subscriber

terminals and to forward it to the load_control_device.

Since the load control device is implemented in a fixed
network element (AP or separate network element) there can
be used more sophisticated processing measures (e.g. hand-
" off algorithms) and greater storing capacities in
comparison to the rather restricted capabilities of a

(mobile) subscriber terminal.

It is to be noted that features of one of the embodiments
described above are also adaptable in the other embpdiment-
For example, the load control device in the first
embodiment may be located in a separate network element
connectéd to the APs by the backbone nétWork. Furthermore,
in the secénd embodiment, the load control device may be
located in each of the APs. Then, the APs are adapted to
receive ﬁhe“APIM from the other APs.

.Moreover; even though the above description is related to =z
WLAN, the present‘invention is also applicabkle to other
wireless network'types, such as mobile telecommunication

networks and_the'like.

The load balahcing functionality can be implemented in
existing systems even if there are network elements
(subscriber terminals, access points), which do not suppoxrc
the load balancing functionality. In such a'caée, as for
example described_in the IEEE 802.11.standard, information
concerning the load balancing can be ignéréd by those
network elements which do not understand this information,
and a normal roaming procedure not based on'load |

information is performed.
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associated access point to another one of said plurality of
access points. Access point status information APST
determined in said plﬁrality of access points S10, S110 is
received and communication étatus information related to
said plurality of access points S20, 8120 is determined.
The subscriber terminal proéesses S20, S120 these
information into roaming support information RSUP, which
are in turn processéd 540, S160 in said load éontrol device
an access point related load based roaming analysis. On
this basis, it is decided S50, S170 by the load control
device, whether said éubscfiber terminal is to be
associated with anéther 6ne 6f‘said plurality of access

points.

It should be understood that the above description and
accompanying figures are mérely'intended to illustrate the
present invention by waonf éxample only. The preferred
embédiments‘of the present_in&ention may thus vary within

the scope of the attached c¢laims.



. ‘os JT pue ‘sautod ssaooe

Z0 A3TTeanTd pIes 3O SUO IdYJouer YITM PII2TO0SSE =2g 03

s

.'-‘ .

TRUTWI®Y X=2qTIOSqns DTeS I8Ulaym ’‘sisATeue butweox peseq

PEOT po31eT3I 3jutod ss=200B PTRS Jo 3[NSdI ® JO siseq oyl

Uuo “(QLTS ‘0GS) burpiosp pue STSsATeue DUTWEOI paseq peot

p23e1s1 1utdd ssaooe ue AQg ﬁorqem:o;ut 1xoddns bﬁrmeox pIes
‘20TADpP TOIJUOD PEOT ptés ut ‘(Q09IS ?‘0pS) bursseonoad

' ' 7 (dNS¥) UOTIPWIOJUT

1xoddns DUTWeOI UTe3JO O3 ISPIO UT UOTITWIOIUT SNI2IS

LOTI12DTUNUMIOD PTES DUP UOTJIRPWIOIUT sniels jutod ssadoe

DeATEZ8X PT®S (0ZIS (07S) Butsssocxd puz ‘(0TS ‘0ZS)

sjutod sSSasDd2 JoO KQITéJhId PTBS 031 pelelsI UOTIPWIOIUT

snayeas uotqeoiunmmoo;ﬁuxutmlagép ‘(0TS !0{3).squrod ssaooe

Jo A3TTeanTd pTes Ul paUTWISlLP (ISJVY) UOTIBWIOIUT SnRIE]S
jutcd sseode ‘TPUTWIISL Jaqrzésqns PTI2S UT ‘DUTATSD3I.
JO sdeoils 2yl buTsTadwod poylaw p1és~

’s1UTOd SS200B IO

A3TTeZnTd pTRS JO 9DUO I2yl0um oquqqud §s8002 Jo AaTtTeanTd

pTIes Jo auoc peqetoosse'pfeé WOII TRUTWIII] :aqixosqns prtes’

IO ZuTweol 3IDONIISUT 02 puelxxomleu UOT2PD TUNUIOD ssete:tm

DTES UT peROT 2 01 peﬂefex'uorggmzo;u: sssocaxd o1 poadepe

LT 20TASD [0IUOD PROT PTES ‘TeuTwial IsgTIosgns pies

L

‘©

I2 9PTSINO Pe1®OOT {QTT ‘TIZ) SOTASD TOILUOD pPBOT
pue ‘TeUTWIS] IaqTIOSQHS éuo isest 3® PTES. UITM pPo1EBTOOSSE
sT sautod ss900® 10 AjTTRantd ptes-;o SUO UTSISyUM
‘TeUTWIS] JISCIADSGENS SUC 1SeST 1B PIBS YITM UOTIRWIOIUT
sbueyoxa 03 pue TEUTWID] ISGTIDSALS GUO‘jSEQT e
pIies Jo uotqoauuooruorqeoiunmmoo SSoT2ITM PIBS TOIJUOD 07
pszdep?2 (£4Y¥Y ‘zd¥ ‘14%) sautod ss2002 jo Azrreanid e
'xzoman»uorqearunwmoj>ssetaxxm PTES UT UOT1D3UUOD
UOT3IBOTUNUMIOD SS2[2ITM B wIoIiad puz ysTygeiss o1
p213az2pe (zJ ‘gl ‘Id) TRUTWIS] I92gTIOSQNS suo 1seet:1e
HUTSTIdWOD }IOMIBU UOTIEDTUNUWWOD SS3TSITM PIBS ‘Y IOMIdU

UOTIPOTUNUIOD SSOT23ITM B UT DuToueTeq PRCT IO POYIsKW T

SHWIVYID
- 9¢ -

CLETON/THNZL1/LDd LTTFOV/HO0T OM



il

said step ©

WO 2004/004227 - ) PCT/1B2002/002312

- 37 -
initializing (S60; S180) roaming of said subscriberxr
terminal to said another one of said plu:ality of access

points in said wireless communication network.

2. Method according to claim 1, wherein said access point
status information (APST) comprises an access point
identification element and an access point load status

indicator determined in a respective access point.

3. Method according to claim 1 or 2, wherein, in said étep
of determining communication status information, a received
signal strength indicator (RSSI) indicating the received
signal strength of said plurality of accéss proints is
determined. |

4. Method zccording to any of -claims 1 to 3, wherein, in

said step of determining ccmmunication status information,

a carrier to interference ratio (C/I) per each.access point

is determinad.

5. Method according to any of claims 1 td 4, wherein, in

determining communication status information,

a terminal transmit power status is determined.

6. Method according to any of the preceding claims, wherein
said roaming support information (RSUP), obtained in said
step of processing said received access point status
information and said communication status information,
comprises statistics of access point related communication
status and load information derived from said received

access point status information.

7. Method according to any of the preceding claims, wherein
in said step of processing, in said load control device,
said roaming support information by said access point

related load based roaming analysis, a hand-off algorithm
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access point related load based roaming analysis, whether
said subscriber terminal'is to be.assoc1ated with another
one of said plurality of access pOints, and if so,
initializing (s180) roaming of said subscriber
terminal to said another one of said plurality of access

points in said Wireless communication network.

12. Method according to claim 11, wherein said access point
internal monitoring information {APIM) comprises at least
one of a retransmit rate to>associated;subecriber -
terminals, back-off windows, and aanet allocation vector

for a respective one of said plurality of access points.

13. Method according to any of claims 11 to 12, wherein.
processing parameters nsed-in said enhanced access point
related load based roaming.analysis and derived from said
roaming support information and said Selected'access point
internal monitoring information &are diirerently welghted in-

said enhanced access pOint related load based roaming

analysis.

14. System for load balancing in‘a wireless-communication
network, said wirelese comﬁunication_network‘comprising'

at least one subscriber terminal (T1, T2; T2) adapted‘
to establish and perform a wireless communication
connection in said wireless communication network, and

a plurality of access points (AP1, APZ} AP3) adapted
to control said wireless communication connection of said
at least one subscriber terminal and to‘exchange
information with said at least one subscriber terminal,
wherein one of said plurality of access points is
‘associated with said at least one subscriber terminal,

said system comprising | .

access point load status_monitoring means (11, 12, 13;-
111, 112, 113) located in each one of said plurality of

access points and adapted to measure a traffic load of zan
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18. System according to any of claims 14 to 17, wherein
said roaming support means is édapted to determine a

.terminal transmit power status.

~~19. System according to any of claims 14 to 18, wherein
"said roéming support'information obtained in and
transmitted from said roaming support means comprises
statistics of access point related communication statué and
load information.derived from said received access boint '

status information.

' 20. System according to any of claims. 14 to 19} wherein
said load control device is adapted to process said roaming
support information in said access point related load based
rbaming analysis by uSing a hand-off algorithm'to calculate
load and connection quality situations for said plurality

" of 'access points on the baéis of said roaminglsupport
information and to determine an optimal access point for

being associated with séid sﬁbscriber terminal.

Zlﬂ_System according to any of claims 14 to 20, wherein
said load control device is adapted to differently weight

précessing parameters used 'in said access point relateqd
load based roaming analysis and derived from said roaming

support information.

22. System according to any of claims 14 to 21, wherein.

said load control device (21) is located in at least ons of

said plurality of access points.

'23. System according.to any of claims 14 to 21, wherein
said load control device (110) is located in a network
element (100) separated from said plurality of access

pbints, said network element being connected with said
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related load based roaming analysis and derived from said
roaming support information and said selected access point

internal monitoring information.

27. Load control device (21; 110) for.ldad balancing in a
wireless communication network, said'ﬁireless communication
network comprising o

at least one subscriber teérminal (T1, T2, T2) adapted
to establish and perform a wireless communication
connection in said wireless communicationvnetwork, and

a plurality of access points.(APl, APZ, AP3) adapted
to control said wireless communicatioh connection of said
at least one subscriber terminal and tC"xchath
information with said at least one subscrlber terminal,
‘wherein one of said plurallty of access pOLan is
associated with said at least one subscriber terminal,
o wherein said load control device is located outside of
said subscriber terminal and adapted’zcvproéess'roaming '
support information (RSUP), received from a.' subscriber
terminal and derived by Said_sghscrﬂoei terminal from
access point status information (APST) of said plurality of
access points, by an access poiﬁt reléted load based
rqaming analysis, to decide, on the basi s'of'a result of
said access point related load based roaming analysis, '
whether said subscriber terminal is to be éssociated with
another one of said pluraiity of access points, and to
initialize roaming of said subscriber terminal from said
associated one to said another_one'of said plurality of

access points in said wireless communication network.

28. Load control device accordlng to claim 27 wherein said
access p01nt status information comprlses an access point
identification element and an access point load status

indicator determined in a respective access point.
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35. Load control device according to any of claims 27 to
34, wherein said load control device (21) is located in at

least one of said plurality of access points.

36. Load control dsvice according to any.of,claims.27 to
34, wherein said load control device (110) is located in a
network element (120) separated from said plurality of
access points, said network element being connected with
said plurality of access points in said wireless |

communication network.

37. Load control dsvice according to claim 36, v

wherein said load control device (110) is adapted to
receive access point internal monitoring informétion'(APIM)
of said plurality c¢f access points, to determine, from said
access point internal monitoring information, access points
available for saica subscriber terminal and to select access
point internal monitoring information of said available
access points, to orocess said roaming suppcrt informazion
and said selected access'point internal monitoring
information by an snhanced access point related load based
roaming analysis, o decide, on the basis of a result of
said enhanced access point related load based roaming
analysis, whether said subscriber terminal is to be
associated with ancthervdne of said pluralityrof access
points, and to initialize roaming of said subscriber
terminal from sald associated one to said another one oi
said plurality of zccess points in said wireless

communication network.

38. Load control device according to claim 37; wherein said
access point internal monitoring information comprises at
least one of a retransmit rate to.associated subscriber
terminals, back-off windows, and a net allocation vector

for a respective one of said plurality of access points.
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wherein said network element (100) is separated from
and connected to said plurality of access points and -
comprisés a load control device (110) according to ény of

claims 27 to 34 and 36 to 39.

42 . Subscriber terminal (T1, T2, T3) uSable in a wireless
communication network, said wireless communication network
comprising ',.

a plurality of access points (AP1, AP2, AP3) adapted
to control a wireless communication connection of said _
subscriber terminal and to exchange informatibn‘ﬁith said
subscriber terminal, wherein one of said plurality of
access points is associated with said subscriber terminal,

said subscriber terminal comprising

roaming support means (30; 300) adapted to reéeiVe
access point stetus information (APST) from said plurality
of access points, to determine communication status ' |
information related to said plurality of access. points, to
process said received access point status information'and
said communicaticn status information iﬁ-order o obtain.
roaming support information (RSUP}, and to transmit séid'
roaming support information to a load control device (21;
110) according to any of claims 27 to 39,

wherein said subscriber terminal performs, in responsé
to an instruction from said load control device, roaming '
frbm said associated one to another one of said plurality
of access points in said wireless communicatién_hetwo;k,
said another one of said plurality of access points is
indicated in said instruction from said load control

device.

43. Computer program product usable for a data processing
apparatus,.comprising software code portions for performing
the steps of claims 1 to 13 when said product is run on

said data processing apparatus.
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